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(54) DISTANCE MEASURING INSTRUMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a distance measuring 
instrument which can easily, quickly, and indirectly measure 
the distance between the reflecting point of measurement 
waves and a point immediately below the instrument by 
detecting the distance to the reflecting point and the angle 
between the vertical direction and the transmitting direction 
of the measurement waves and calculating the horizontal 
distance from the distance and angle. 
SOLUTION: An inclination sensor 37 detects the inclined 
angle 9 of the emitting direction of pulsed light from the 
vertical direction and a mirror control section 38 calculates 
the rotational angle 6/2 of a half mirror 36 and rotates the 
mirror 36 by an angle of 9/2 on the basis of the vertical 
direction. The pulsed light emitted from a laser diode 35 is 
split into transmitted light and reflected light by the mirror 36 
and the transmitted light and reflected light are respectively 
emitted in a prescribed direction and the vertical direction 
and indicate a reference point for measurement The emitted 

pulsed light is received by means of a photoreceptor 40 and ^notification 41 A 

converted into a light receiving timing signal by means of a comparator 42 after ampl ificafcon ,41. A 
microorocessor 33 calculates the distance to the reflecting point from the time unt. the light 
SS signal is received after the pulsed light is emitted and the horizontal distance by 
fetching the inclined angle and displays 43 the horizontal distance. 
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* NOTICES * 

Japan Pat nt Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




fciaim^Distance measuring equipment characterized by providing the following A transacting 
L ns 2 S a measuremeVwave in the predetermined direction A == , receive 
the aforementioned measurement wave which returns [ aforementioned ] from predetermined. A 
! means to measure the distance to the reflective spot of the afo—ned 

measurement wave located in the aforementioned predetermined direction based °" Jie 
aforementioned measurement wave propagation delay which returns ^«*™d j *™ ective 
predetermined. A distance calculation means to compute the honzontal d,stance m ^ .^/f^X 
soot of the aforementioned measurement wave to the point directly under equipment based on the 
ang e thet detected b y angle detection means to detect the angle theta 

direction and the transmit direction of the aforementioned measurement wave make and the distance 
to the reflective spot of the aforementioned measurement wave and the aforementioned angle 

gSSfl measuring equipment according to claim ^^^^^^^i!^ 

The one-way mirror arranged free [ rotation in the position where the laser beam which .s the 
JorementToned measurement wave is irradiated ]. The one-way mirror mechanic. 
the angle theta detected by the aforementioned angle detection means is incorporated [ ™ 
component ] and the aforementioned one-way mirror is rotated [ mechanical component ] to angl 
theW 2 on the basis of the perpendicular direction, and branches the laser beam which „ ; the 
aforementioned measurement wave in the predetermined direction and the Pedicular direction. 
[Claim 3] Distance measuring equipment characterized by providing the following The 1st 
Snsm'itting means which transmits a measurement wave in the predetermined direction. The 2nd 
Sansmitting means which is arranged free [ rotation ] and transmits a measurement wave. A load 

transmit direction of the transmitting means of the above 2nd ^ "Ocular 
direction. A receiving means to receive the aforementioned measurement wave which returns 
[ aforementioned ] from predetermined, and the aforementioned 

[ aforementioned ] from it being perpendicular, respectively, Based on *• wave he . 

Propagation delay which returns [ aforementioned ] from predetermined, the distance LI to the 1st 
reflective spot" located in the aforementioned predetermined direction is measured A range 
measurement means to measure the height L2 of the equipment wh.ch is the distance to the 2nd 
Xtive spot" located in the aforementioned perpendicular direction based on the measu^ment 
wave propagation delay which returns [ aforementioned ] from ,t being perpendicular, A distance 
calculation means to incorporate the distance L1 to the 1st reflective spot of the aforementioned 
predetermined direction, and the height L2 of the aforementioned equipment, and to compute the 
horizontal distance L3 from the 1st reflective spot of the aforementioned predetermined Mtanto 
the 2nd reflective spot of the aforementioned perpendicular direction based on horizontal distance 
L3=(L12~L22) 1/2 

[Claim 4] Distance measuring equipment characterized by providing the following. A tnrwraM 
means to transmit a measurement wave in the 2nd direction predetermined angle thetaa Distant from 
the 1st direction and 1st direction of the above. The aforementioned measurement wave which 
returns from the 1st direction of the above. A receiving means to rece.ve the aforementioned 
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measurement wave which returns from the 2nd direction of the above, respectively. Based on the 
~2ned measurement wave ^ ^.^J^^^t!^ ^ 

Z at d in the 2nd direction of the above based on the aforementioned measurement wave 
propagation delay which returns from the 2nd direction of the above, It ,s based 
(L42+L52-2 L4 L5, and costhetaa) 1/2 using the aforementioned predetermined angle thetaa, the 
rforeme tioned Lance L4, and the aforementioned distance L5. A ^^JJ^^Sn 
compute the distance L6 from the 1st reflective spot of the measurement wave of the ^rection 
ZThove to the 2nd reflective spot of the measurement wave of the 2nd direct.cn of the above. 
fc laim 51 ^^^LS^ZJ^tt characterized by providing the following. A transmitting 
[ m m s S a~eme q ntwave in the 2nd direction predetermined an^etaa M *«" 
the 1st direction and 1st direction of the above. The aforementioned measurement wave which 
returns from the 1st direction of the above. A receiving means to receive the af °^ ment ' on « d 
measurement wave which returns from the 2nd direction of the above, respectively Based on the 
SorelnTonermeasurement wave propagation delay which returns from the 1st direction ofr the 
iove the distance L4 to the "1st reflective spot" located in the 1st direction of the above, 
measured And a range-measurement means to measure the distance L5 to the 2nd reflective spot 
boated in tte 2nd direction of the above based on the aforementioned measurement wave 
Xwton lly which returns from the 2nd direction of the above It ,. based on honzonta. 
distance L7=|L4-L5 costhetaa|, and L4/(L42+L52-2, L4, L5, and costhetaa)1/2 using the 
£££££ [predetermined angle thetaa. the aforementioned «%^[^ZZ 
distance L5 A distance calculation means to compute the horizontal distance L7 from the 1 st 
Active spot oft e measurement wave of the 1st direction of the above to the pent directly under 

STo? Distance measuring equipment characterized by providbg the folding A tran^ng 
means to transmit a measurement wave in the 2nd direction predetermined angle thetaa Distant from 
S^ST-nd 1st direction of the above. The aforementioned 

returns from the 1st direction of the above. A receiving means to receive the afo em^ed 
measurement wave which returns from the 2nd direction of the above, °" £ 

aforementioned measurement wave propagation delay which -turns from the direction o the 
above, the distance L4 to the "1st reflective spot located .n the 1st direction of the above s 
measured. And a range-measurement means to measure the distance L5 to the 2nd reflective spot 
located in the 2nd direction of the above based on the aforementioned measurement wave 
ropaga tion deLy which returns from the 2nd direction of the above, A distance ca 
compute the height L8 from the point directly under equipment to equipment based on height L8-L4, 
L5 and I sinthetaa / (L42+L52-2, L4, L5, and costhetaa) 1/2 using the aforementioned predetermined 
angle thetaa, the aforementioned distance L4. and the aforementioned distance L5. 
[cfaim 7] It is the distance measuring equipment which is equipped w.th the one-way mirror arranged 
so that the laser beam which is the aforementioned measurement wave may be branched m the 1 st 
direction of the above, and the 2nd direction of the above ,n the position where the laser beam who 
aforementioned transmitting means is the aforementioned measurement wave .n distance ^asunng 
equipment given in any 1 term of a claim 4 or a claim 6 is irradiated, and .s characterized by the b.rd 

[Claim's] It is the distance measuring equipment which equips the angle which reflects the mirror 
arranged free [ rotation ] in the position where the laser beam whose aforementioned transmitting 
means is the aforementioned measurement wave in distance measuring equipment given m any 1 term 
of a claim 4 or a claim 6 is irradiated, and the laser beam which is the aforementioned measurement 
wave in the 1 st direction of the above, and the 2nd direction of the above with the mirror mechan.cal 
component which drives the aforementioned mirror one by one, and is charactenz d by the b.rd 

[Sn9] It sets to distance measuring equipment given in any 1 term of a claim 4 or a claim 6 and is 
the aforementioned transmitting means. Distance measuring equipment which .s equipped with the 1st 
transmitting means which transmits the aforementioned measurement wave in the 1st direction of the 
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above and the 2nd transmitting means which transmits the aforemention d measur ment wave in the 
2nd direction of the above, and is characterized by the b.rd clapper. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not resp nsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the origina. 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

SS— neld * which invention ^^^^ ^ZT^Z 
the returning measurement wave propagation delay. 

ESP 03 ■ *■ «f Prior Artl Generally a laser beam is irradiated and the distance measuring 
SSSSO Next an opara*. personnel = e ^^^r^rh^r" 8 

Kem(s> to be Solved by the Invention] However, in the conventional example, when disUnee 

5, wa'a arranged and measured on a bas e the operat ^personne d. to 
bend the waist, needs to arrange distance measunng equipment 51 on the base, and 

SSSZ^^r.'^S!^*. par, which arranges d™™— " 
there was a trouble that measurement in a rolling place was difficult 

indirectlv auicklv in order to solve an above-mentioned trouble. xr„: M +u 0 

Sm^^^rdin. to claim 2 combines with the purpose of ^J^^Z*^*" 
distance measuring equipment which can set up exactly the endpo.nt (henceforth a . refer « nce 
ooS used as ih e criteria of distance. Invention according to claim 3 measures horizontal distance 
SSLU^i^X and aims at offering the distance measuring equipment which can set up 
^eZo^^ further. Invention according to Cairn 4 aims at offering th distance 
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measuring equipment which measures the distance for two points of a request indirectly simple and 
[oto9] Invention according to claim 5 aims at offering the distance measuring •W^/Hj* 

certainly. 

Es for Solving the Problem] Drawing 1 is the principle block diagram of invention according to 
ttZESL means 1 by which invention according to claim 1 transmrt, . 

JSi«dS!^2 is the principle block diagram of invention according to claim 2. In distance 

7 .n»™ta theta / 2 on the basis of the perpendicular directioa and equips with and consttutes the 
„ mfrrJmechantl component 6 which branches the laser beam which ,. a measurement 

^Z^^t^^l^ 3 transmHs a 
n *. prfdeiermined direction. The 2nd transacting means which is arranged free , .ration ] and 
Wnsmits a measurement wave, and a load means to turn the transm^ dinecbon , 
transmitting means in the perpendicular direction. A receiving means to receive the measurement 
SSZ from p'eTetermined, and the measurement wave ^^STn^TS-n 
pcpendicular respeCvelv. Based on * — 7^1^- ^ 

distance to the "2nd reflective spot" located in the perpend.cular d.rection based on the 

Pr^-Pli-" ^.ay which returns ^^.^"2^" 
the 1st reflective spot of the predetermined d>rect.on and the he.ght L2 of Equipment are 
^co porated, and a distance ca.cu.ation means to compute the horizontal distance L3 to the , 2nd 
reflective spot of the perpendicular direction has and consists of the 1st reflects spot of the 
predetermined direction based on horizontal distance L3-(L1 2-L22.) 1/ 1. ^determined 
[0013] Drawing is the principle block diagram of invention accord.ng to claim 4 to 6. P^determ-ned 
angle th^alLntion according to claim 4 a measurement wave from the 1st d.rection and its 1st 
direction A transmitting means 1 to transmit in the 2nd distant direction, A receiving means 2 to 
TcT^elea^Jnt wave which returns from the 1st direction, and the 
which returns from the 2nd direction, respectively, Based on the measurement wave P"***™ 
Zly which returns from the 1st direction, the distance L4 to the 1st reflective spot located in the 
1st direction is measured. And a range-measurement means 3 to measure the distance L5 to .the 
"2nd reflective spot" locat d in the 2nd direction based on the ^^!S^ blT?S 
which returns from the direction of the 2nd, It is based on distance L6-(L42+L52-2 L4, L5, and 
^stheia)T/2 using predetermined angle thetaa, distance L4, and distance L5. A distance calculation 
means 5 to compute the distance L6 to the 2nd reflective spot of th -^surement wave ° f*»2nd 
direction has and consists of the 1st reflective spot of the measurement wave of the 1st direction. 
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[0014] predetermined angle thetaa Invention according to claim 5 a m asurement wave from the 1st 
direction and its 1st direction A transmitting means 1 to transmrt -n the 2nd distant direction, A 
receiving means 2 to receive the measurement wave which returns from the 1st direction, and the 
measurement wave which returns from th 2nd direction, respectively. Based on ^measurement 
wave propagation delay which returns from the 1st direction, the distance L4 to the 1st reflective 
spot" located in the 1st direction is measured. And a range-measurement means 3 to measure the 
distance L5 to the "2nd reflective spot" located in the 2nd direction based on the measurement 
wave propagation delay which returns from the direction of the 2nd, It is based on horizontal distance 
L7=|L4-L5 costhetaal, and L4/(L42+L52-2, L4, L5, and costhetaa)1/2 using predetermined angle 
thetaa distance L4, and distance L5. A distance calculation means 5 to compute the horizontal 
distance L7 to the point directly under equipment has and consists of the 1 st reflects spot of the 
measurement wave of the 1st direction. 

[0015] predetermined angle thetaa Invention according to cla.m 6 a measurement wave from the 1st 
direction and 1st direction A transmuting means 1 to transmit in the 2nd distant direction, A receiving 
means 2 to receive the aforementioned measurement wave which returns from the 1 st direction, and 
the measurement wave which returns from the 2nd direction, respectively, Based on the 
measurement wave propagation delay which returns from the 1st direction, the d.stance l_4 to the 
"1st reflective spot" located in the 1st direction is measured. And a range-measurement means o to 
measure the distance L5 to the "2nd reflective spot" located in the 2nd direction based on the 
measurement wave propagation delay which returns from the direction of the 2nd, Based on height 
L8=L4 L5 and sinthetaa / (L42+L52-2, L4, L5, and costhetaa) 1/2, a d.stance calculation means 5 to 
compute the height L8 to equipment has and consists of points directly under equipment using 
predetermined angle thetaa, distance L4, and distance L5. 

[0016] In distance measuring equipment given in any 1 term of a claim 4 or a claim 6, a transmitting 
means is equipped with the one-way mirror arranged so that the laser beam which is a measurement 
wave may be branched in the 1st direction and 2nd direction in the position where the laser beam 
which is a measurement wave is irradiated, and invention according to claim 7 constitutes it In 
distance measuring equipment given in any 1 term of a claim 4 or a claim 6, at the angle which 
reflects the mirror arranged free [ rotation ] in the position where the laser beam which is a 
measurement wave is irradiated, and the laser beam which is a measurement wave in the 1 st 
direction and 2nd direction, a transmitting means is equipped with the mirror mechanical component 
which drives a mirror one by one, and invention according to claim 8 constitutes it. 
[0017] In distance measuring equipment given in any 1 term of a claim 4 or a cla.m 6, a transmitting 
means is equipped with the 1st transmitting means which transmits a measurement wave in the 1st 
direction, and the 2nd transmitting means which transmits a measurement wave m the 2nd direction, 
and invention according to claim 9 constitutes it 

[function] Drawing 4 is drawing explaining invention according to claim 1 to 3. In distance measuring 
equipment according to claim 1, the transmitting means 1 transmits a measurement wave in the 
predetermined direction. Moreover, the receiving means 2 receives the measurement wave which 
returns from predetermined. The range-measurement means 3 measures the distance l_1 to the 
reflective spot A of the measurement wave located in the predetermined direction based on the 
measurement wave propagation delay received with the receiving means 2. The angle detection 
means 4 detects the angle theta which the perpendicular direction and the transmit direction of a 
measurement wave make. The distance calculation means 5 incorporates distance L1 and an angle 
theta, and computes the horizontal distance L3 from the reflective spot A of the predetermined 
direction to the point [ directly under ] B of distance measuring equipment based on horizontal 
distance L3=L1 and sintheta. 

[0019] The one-way mirror 7 which can rotate freely in distance measuring equipment according to 
claim 2 is arranged in th position where a laser beam is irradiated. The one-way mirror mechanical 
component 6 makes theta/2 of angles rotate the one-way mirror 7 based on the angle theta detected 
with the angle detection means 4. Therefore, a laser beam branches in the predetermined direction 
and the perpendicular direction, and is irradiated by the point located in the predetermined direction 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_eije 



03/09/16 



4/11 



and the perpendicular direction. The irradiation spot of this laser beam points to the reference point 

[OOMftnTtance measuring equipment according to claim 3, the 1st transmitting means transmits a 
measurement wave in the predetermined direction. Moreover, since the 2nd transm.tt.ng means can 
be rotated freely and the load means is added, a measurement wave .s always transmitted m the 
perpendicular direction. A receiving means receives the measurement wave wh.ch returns L the 
predetermined direction and ] from it being perpendicular, respectively. A range-measurement means 
measures the distance L1 to the reflective spot A of the measurement wave located .n the 
predetermined direction, and the height L2 from the reflective spot B of the measurement wave 
located in the perpendicular direction to distance measuring equipment based on the measurement 
wave propagation delay received with a receiving means. . » ~ .1 

[0021] A distance calculation means incorporates the distance L1 to the reflecbve spot A of the 
predetermined direction, and the height L2 of distance measuring equipment, and computes the 
horizontal distance L3 from the reflective spot A of the predetermined d.recbon to the reflecbve spot 
B of the perpendicular direction based on horizontal distance L3-(L12 L22j 1/2. 
[0022] Drawing 5 is drawing explaining invention according to claim 4 to 6. In distance measuring 
equipmeT^ctrding to claim 4, the transmitting means 1 is transmitted in the 2nd direction wh.ch 
predetermined angle thetaa Left the measurement wave with the 1st d.recf on. The receding means 2 
receives the measurement wave which returns from the 1st direction, and the measurement wave 
which returns from the 2nd direction, respectively. 

[0023] The range-measurement means 3 measures the distance L4 to the 1st reflective spot C 
located in the 1st direction, and the distance L5 to the 2nd reflective spot D located m the 2nd 
direction based on the measurement wave propagation delay received with the rece.v.ng means 2. 
The distance calculation means 5 computes the distance L6 from the 1st reflects spot C to the 2nd 
reflective spot D based on distance L6=(L42+L52-2, L4, L5, and costhetaa) 1/2 using predetermined 
angle thetaa, distance L4, and distance L5. In distance measuring equipment according to claim 5 s the 
transmitting means 1 is transmitted in the 2nd direction which predeterm.ned angle thetaa Left the 
measurement wave with the 1st direction. 1 j:„„+;„n 

[0024] The receiving means 2 receives the measurement wave wh.ch returns from the 1st direction, 
and the measurement wave which returns from the 2nd direction, respectively. The range 
measurement means 3 measures the distance L4 to the 1st reflective spot C located ,r , the 1st 
direction, and the distance L5 to the 2nd reflective spot D located in the 2nd direct,on based on the 
measurement wave propagation delay received with the receiving means 2. , j „ .. 

[0025] The distance calculation means 5 computes the horizontal distance L7 from the 1st reflective 
spot C to the point E directly under equipment based on horizontal distance L7-|L4-L5, costhetaal, 
and L4AL42+L52-2. L4, L5, and costhetaa)1/2 using predetermined angle thetaa, distance L4, and 

distance L5. + . A 

[0026] In distance measuring equipment according to claim 6, the transmittmg means 1 .s transmitted 
in the 2nd direction which predetermined angle thetaa Left the measurement wave with .the 1st 
direction. The receiving means 2 receives the measurement wave which returns from the 1st 
direction, and the measurement wave which returns from the 2nd direction, respecfvely. The range- 
measurement means 3 measures the distance L4 to the 1st reflective spot C located m the 1st 
direction, and the distance L5 to the 2nd reflective spot D located in the 2nd d.rect.on based on the 
measurement wave propagation delay received with the receiving means 2. The d.stance calculate 
means 5 computes the height L8 from the point E directly under equipment to equipment based on 
height L8=L4, L5 and sinthetaa / (L42+L52-2, L4, L5, and costhetaa) 1/2 using predeterm.ned angle 
thetaa, distance L4, and distance L5. 

[0027] With a transmitting means according to claim 7, since a one-way mirror is arranged in the 
position where a laser beam is irradiated, a one-way mirror branches a laser beam to the transmitted 
light and the reflected light, and carries out outgoing radiation of the laser beam in the 1st direction 
and 2nd direction. With a transmitting means according to claim 8, a mirror is arranged in the position 
where a laser beam is irradiated. A mirror carries out outgoing radiation of the reflected light in the 
1st direction and 2nd direction one by one from a mirror mechanical component carrying out 
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adjustable [ of the angle of the mirror ]. 

[0028] With a transmitting means according to claim 9, the 1st transmitting means transmits a 
measurement wave to the 1st transmit direction, and the 2nd transmitting means transmits a 
measurement wav to the 2nd transmit direction. 

[0029] , . , . 

[Embodiments of the Invention] Hereafter, the operation form of this invention is explained using a 

drawing. . .. 

[0030] Drawing 6 is the block diagram of the operation form corresponding to invention given in 
claims 1 and 2. In drawing 6 , a switch 32 is arranged at a main part 31, and the contact of a switch 
32 is connected to the 1st input terminal of a microprocessor 33. The 1st output terminal of a 
microprocessor 33 is connected to the input terminal of a laser diode 35 through a pulse dnver circuit 
34. 

[0031] A one-way mirror 36 is arranged aslant in the position where the pulsed light generated from a 
laser diode 35 is irradiated on the other hand. Moreover, a one-way mirror 36 is penetrated, an 
electric eye 40 is arranged in the position which receives the pulsed light which returns from the 
exterior, and the output terminal of an electric eye 40 is connected to the input terminal of a 
comparator 42 through an amplifying circuit 41. 

[0032] The output terminal of a comparator 42 is connected to the 2nd input terminal of a 
microprocessor 33. The inclination sensor 37 is fixed to a main part 31, and the output terminal of the 
inclination sensor 37 is connected to the 3rd input terminal and mirror control section 38 of a 
microprocessor 33. The output terminal of the mirror control section 38 is connected to a motor 39, 
and the driving shaft of a motor 39 is connected to the axis of rotation of a one-way mirror 36. 
[0033] The 2nd output terminal of a microprocessor 33 is connected to the input terminal of a display 
43. In addition, about a correspondence relation with the operation form above-mentioned with 
invention according to claim 1, the transmitting means 1 corresponds to a laser diode 35, the 
receiving means 2 corresponds to an electric eye 40. the range-measurement means 3 corresponds 
to a microprocessor 33 and a comparator 42, the angle detection means 4 corresponds to the 
inclination sensor 37, and the distance calculation means 5 corresponds to a microprocessor 33^ 
[0034] About the correspondence relation between invention according to claim 2 and an above 
mentioned operation form, it combines with the correspondence relation mentioned above, and the 
one-way mirror mechanical component 6 corresponds to the mirror control section 38 and a motor 
39, and a one-way mirror 7 is equivalent to a one-way mirror 36. Drawing 7 is the flow chart showing 
operation of the operation form corresponding to invention given in claims 1 and 2. 
[0035] Hereafter, operation of an above-mentioned operation form is explained using drawing 6 and 
drawing 7 . The inclination sensor 37 detects the tilt angle theta which is the angle which the 
perpendicular direction and the direction of outgoing radiation of pulsed light make. The mirror control 
section 38 computes angle-of-rotation theta / 2 of a one-way mirror 36, carries out the rotation 
drive of the motor 39, and rotates a one-way mirror 36 angle theta / 2 clockwise on the basis of the 
perpendicular direction (Step S1). 

[0036] If an operating personnel turns on a switch 32, the pulsed light which pulsed light generated 
from the laser diode 35 (Step S2), and was generated from the laser diode 35 will branch to the 
transmitted light and the reflected light by the one-way mirror 36, and outgoing radiation will be 
carried out outside towards the predetermined direction and the perpendicular direction. The 
irradiation spot of the pulsed light by which outgoing radiation was carried out points to the reference 
point of the measurement located in the predetermined direction and the perpendicular direction 
(Step S3). 

[0037] It reflects externally, and returns from predetermined, light is received by the electric eye 40, 
and the pulsed light by which outgoing radiation was carried out in the predetermined direction is 
changed into a light-receiving signal. The light-receiving signal is amplified by the amplifying circuit 41 
(Step S4). A comparator 42 changes a light-receiving signal into a light-receiving timing signal (Step 
S5). A microprocessor 33 measures the time from pulsed light generating to light-rec iving timing 
signal reception, and computes the distance L1 to the reflective spot located in the predetermined 
direction (Step S6). 
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[0038] A microprocessor 33 incorporates the measurement distance L1 and a tilt angle theta, 
computes horizontal distance L3 based on horizontal distance L3=L1 and sintheta, and displays this 
distance on a display 43 (Step S7). Thus, in the distance measuring equipment of an abov - 
mentioned operation gestalt the angle which distance, and the predetermined dir ction and the 
perpendicular direction of [ to the reflective spot located in the predetermined direction J make can 
be measured holding distance measuring equipment in arbitrary height, and horizontal distance can be 
computed immediately. 

[0039] Although the troublesome work of an operating personnel having bent the waist and arranging 
distance measuring equipment on a base was done when distance measuring equipment was 
conventionally arranged and measured on a base, in the distance measuring equipment of an above- 
mentioned operation gestalt, the troublesome work can be excluded entirely and it can measure with 
a comfortable posture. 

[0040] Moreover, the part which arranges distance measuring equipment can be measured with the 
distance measuring equipment of an above-mentioned operation gestalt, without being influenced of a 
direct base, since it measures holding distance measuring equipment in arbitrary height, although it 
needed to be even and needed to be stable. Furthermore, with the distance measuring equipment of 
an above-mentioned operation gestalt, although it was not able to measure when the obstruction 
which bars a laser beam was between the reflectors and distance measuring equipment which are 
located on a base, since it measures holding distance measuring equipment in arbitrary height unless 
a laser beam is barred, it can measure easily also in a rolling place. 

[0041] Moreover, when measuring holding distance measuring equipment in arbitrary height 
conventionally, the operating personnel was doing the troublesome work of arranging the reflector 
located in the predetermined direction in the same height as distance measuring equipment. However, 
in the distance measuring equipment of an above-mentioned operation gestalt, since horizontal 
distance is measured indirectly, this troublesome work can be excluded entirely and an operating 
personnel can be measured simple. 

[0042] Moreover, in the distance measuring equipment of an above-mentioned operation gestalt, 
pulsed light branches in the predetermined direction and the perpendicular direction, and is irradiated 
by the point located in the predetermined direction and the perpendicular direction. Since the 
irradiation spot of this pulsed light points to the reference point of measurement, by it, an operating 
personnel can be measured exactly and quickly by knowing easily the reference point of the 
measurement located in the perpendicular direction at the time of measurement 
[0043] Moreover, by a one-way mirror 36 branching pulsed light since outgoing radiation of the 
pulsed light is carried out in the predetermined direction and the perpendicular direction, with the 
distance measuring equipment of an above-mentioned operation gestalt, it can constitute from one 
laser diode and structure can be simplified. Drawing 8 is drawing explaining the operation gestalt 
corresponding to invention according to claim 3. The distance measuring equipment of the operation 
gestalt corresponding to invention according to claim 3 consists of the 1st radar installation 44, the 
2nd radar installation 45 arranged free [ rotation ] through the axis of rotation at the 1st radar 
installation 44, and weight 46 added to the 2nd radar installation 45. 

[0044] in addition, about the correspondence relation between invention according to claim 3 and an 
above-mentioned operation gestalt The 1st transmitting means corresponds to the transmitting 
function of the 1st radar installation 44, and the 2nd transmitting means corresponds to the 
transmitting function of the 2nd radar installation 45. A load means corresponds to weight 46 and a 
receiving means corresponds to the reception function of the 1st radar installation 44 and the 2nd 
radar installation 45. A range-measurement means corresponds to the ranging function of the 1st 
radar installation 44 and the 2nd radar installation 45, and a distance calculation means corresponds 
to the calculation function of the 1st radar installation 44 and the 2nd radar installation 45. 
[0045] The 1st radar installation 44 irradiates pulsed light in the predetermined direction, and 
measures the distance L1 to a reflective spot A In order that the 2nd radar installation 45 may 
always turn to the perpendicular dir ction in an operation of weight 46, it irradiates pulsed light in the 
perpendicular direction, and measures the height L2 from a reflective spot B to equipment. Distance 
measuring equipment incorporates distance L1 and height L2, and computes the horizontal distance 
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L3 which is th distance from the reflective spot A located in the pred termined direction to the 
r flective spot B directly under equipment based on horizontal distance L3=(L12-L22) 1/2. 
[0046] Thus, in the distance measuring equipment of an above-mentioned operation gestalt the 
distance L1 to the reflective spot A located in the predetermined direction and the distance to the 
reflective spot B located in the perpendicular direction can be measured holding distance measuring 
equipment in arbitrary height, and horizontal distance can be computed immediately. Although the 
troublesome work of an operating personnel having bent the waist and arranging distance measuring 
equipment on a base was done when distance measuring equipment was conventionally arranged and 
measured on a base, in the distance measuring equipment of an above-mentioned operation gestalt, 
the troublesome work can be excluded entirely and it can measure with a comfortable posture. 
[0047] Moreover, the part which arranges distance measuring equipment can be measured with the 
distance measuring equipment of an above-mentioned operation gestalt, without being influenced of a 
direct base, since it measures holding distance measuring equipment in arbitrary height, although it 
needed to be even and needed to be stable. Furthermore, with the distance measuring equipment of 
an above-mentioned operation gestalt, although it was not able to measure when the obstruction 
which bars a laser beam was between the reflectors and distance measuring equipment which are 
located on a base, since it measures holding distance measuring equipment in arbitrary height unless 
a laser beam is barred, it can measure easily also in a rolling place. 

[0048] Moreover, when measuring holding distance measuring equipment in arbitrary height 
conventionally, the operating personnel was doing the troublesome work of arranging the reflector 
located in the predetermined direction in the same height as distance measuring equipment However, 
in the distance measuring equipment of an above-mentioned operation gestalt, since horizontal 
distance is measured indirectly, this troublesome work can be excluded entirely and an operating 
personnel can be measured simple. 

[0049] Moreover, in the distance measuring equipment of an above-mentioned operation gestalt, 
pulsed light branches in the predetermined direction and the perpendicular direction, and is irradiated 
by the point located in the predetermined direction and the perpendicular direction. Since the 
irradiation spot of this pulsed light points to the reference point of measurement by it an operating 
personnel can be measured exactly and quickly by knowing easily the reference point of the 
measurement located in the perpendicular direction at the time of measurement. 
[0050] drawing 9 — claim 4- it is the block diagram of the operation gestalt corresponding to 
invention given in 6 and 9 In drawing 9 , a switch 32 is arranged at a main part 31, and the contact of 
a switch 32 is connected to the 1st input terminal of a microprocessor 47. The 1st output terminal of 
a microprocessor 47 is connected to the input terminal of laser diode 35a through pulse driver circuit 
34a. 

[0051] Moreover, the 2nd output terminal of a microprocessor 47 is connected to the input terminal 
of laser diode 35b through pulse driver circuit 34b. Outgoing radiation is carried out from laser diodes 
35a and 35b, an electric eye 40 is arranged in the position which receives the pulsed light which 
returns from the exterior, and the output terminal of an electric eye 40 is connected to the input 
terminal of a comparator 42 through an amplifying circuit 41. 

[0052] The output terminal of a comparator 42 is connected to the 2nd input terminal of a 
microprocessor 47. The 3rd output terminal of a microprocessor 47 is connected to the input terminal 
of a display 43. In addition, about the correspondence relation between invention according to claim 4 
to 6 and an above-mentioned operation gestalt, the transmitting means 1 corresponds to laser diode 
35a and laser diode 35b, the receiving means 2 corresponds to an electric eye 40, the range- 
measurement means 3 corresponds to a microprocessor 47 and a comparator 42, and the distance 
calculation means 5 corresponds to a microprocessor 47. 

[0053] About the correspondence relation between invention according to claim 9 and an above- 
m ntioned operation gestalt the 1st transmitting means corresponds to laser diode 35a, and the 2nd 
transmitting means corresponds to laser diode 35b. drawing 10 — claim 4- it is the flow chart 
showing operation of the operation gestalt corresponding to invention given in 6 and 9 
[0054] Hereafter, operation of an above-mentioned operation gestalt is explained using drawing 9 and 
drawing 10 . If an operating personnel turns on a switch, pulsed light will occur towards the 1st 



http://www4.ipdljpo.go.jp/cgi-bin/tran.web_cgLeije 



03/09/16 



8/11 ^-v 



direction from the 1st laser diode 35a (Step S1). It reflects and returns with the reflective spot C 
located in the 1st direction, light is received by the electric eye 40, and the pulsed light by which 
outgoing radiation was carried out from laser diode 35a is changed into a light-receiving signal, as 
shown in drawing 5 (Step S2). 

[0055] A light-receiving signal is amplified by the amplifying circuit 41, and a comparator 42 changes a 
light-receiving signal into a light-receiving timing signal (Step S3). A microprocessor 47 measures the 
time from pulsed light generating to light-receiving timing signal reception, and computes the distance 
L4 to the 1st reflective spot C (step S4). From the 2nd laser diode 35b, pulsed light occurs towards 
the 2nd direction angle thetaa Distant from the 1st direction (Step S5). 

[0056] It reflects and returns with the 2nd reflective spot D located in the 2nd direction, light is 
received by the electric eye 40, and the pulsed light by which outgoing radiation was carried out from 
laser diode 35b is changed into a light-receiving signal (Step S6). A light-receiving signal is amplified 
by the amplifying circuit 41, and a comparator 42 changes a light-receiving signal into a light- 
receiving timing signal (Step S7). 

[0057] A microprocessor 47 measures the time from pulsed light generating to light-receiving timing 
signal reception, and computes the distance L5 to the 2nd reflective spot D (Step S8). A 
microprocessor 47 uses angle thetaa, distance L4, and distance L5. It is based on distance L6- 
(L42+L52-2, L4, L5, and costhetaa) 1/2. The distance L6 for two points of the request which is the 
distance from the 1st reflective spot C to the 2nd reflective spot D is computed. It is based on 
horizontal distance L7=|L4-L5, costhetaal, and L4/(L42+L52-2, L4, L5, and costhetaa)1/2. The 
horizontal distance L7 from the 1st reflective spot C to the point E directly under equipment is 
computed, and the height L8 from the point E directly under equipment to distance measuring 
equipment is computed based on height L8=L4, L5 and sinthetaa / (L42+L52-2, L4, L5, and 
costhetaa) 1/2. 

[0058] And a display 43 displays such distance (step S9). thus, in the distance measuring equipment 
of an above-mentioned operation gestalt The distance to the 1st reflective spot C located in the 1st 
direction, holding in the height which wants to measure distance measuring equipment, The distance 
to the 2nd reflective spot D located in the 2nd direction predetermined angle thetaa Distant from the 
1st direction can be measured, and "the distance from the 1st reflective spot to the 2nd reflective 
spot", "horizontal distance", and "the height of distance measuring equipment" can be computed 
immediately. 

[0059] Although the troublesome work of an operating personnel having bent the waist and arranging 
distance measuring equipment on a base was done when distance measuring equipment was 
conventionally arranged and measured on a base, in the distance measuring equipment of an above- 
mentioned operation gestalt, the troublesome work can be excluded entirely and it can measure with 
a comfortable posture. Moreover, the part which arranges distance measuring equipment can be 
measured with the distance measuring equipment of an above-mentioned operation gestalt, without 
being influenced of a direct base, since it measures holding in the height which wants to measure 
distance measuring equipment, although it needed to be even and needed to be stable. Furthermore, 
with the distance measuring equipment of an above-mentioned operation gestalt, although it was not 
able to measure when the obstruction which bars a laser beam was between the reflectors and 
distance measuring equipment which are located on a base, since it measures holding in the height 
which wants to measure distance measuring equipment, unless a laser beam is barred, it can measure 
easily also in a rolling place. 

[0060] Moreover, when measuring holding distance measuring equipment in arbitrary height 
conventionally, the operating personnel was doing the troublesome work of arranging the reflector 
located in the predetermined direction in the same height as distance measuring equipment. However, 
in the distance measuring equipment of an above-mentioned operation gestalt, since horizontal 
distance is measured indirectly, this troublesome work can be excluded entirely and an operating 
personnel can be measured simple. 

[0061] Moreover, in the distance measuring equipment of an above-mentioned operation gestalt, 
pulsed light branches in the 1st direction and 2nd direction, and is irradiated by the reflective spots C 
and D located in the 1st direction and 2nd direction. By the irradiation spot of this pulsed light, since 
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it points to the ref rence point of measurement, when measuring "the distance from the 1st 
reflective spot to the 2nd reflective spot", an operating personnel can be measured exactly and 
quickly by knowing the reference point of measurement easily. 

[0062] In addition, although distance is measured based on the propagation delay of pulsed light with 
three operation gestalten mentioned above, the continuous laser beam is irradiated and distance may 
be measured based on the phase of the reflected -light moreover, the operation gestalt corresponding 
to invention according to claim 3 mentioned above and claim 4- with the operation gestalt 
corresponding to invention given in 6 and 9, although the laser beam is used as a measurement wave, 
it is not limited to it, and if it is a measurement wave with the property to reflect, it can use For 
example, an acoustic wave, an electromagnetic wave, light, etc. can be used. 
[0063] Moreover, in the distance measuring equipment of the operation gestalt corresponding to 
invention given in the claims 1 and 2 mentioned above, although horizontal distance L3 was measured, 
it is not limited to it, but the angle theta which the distance L1, the predetermined direction, and the 
perpendicular direction of [ to the reflective spot located in the predetermined direction ] make is 
incorporated, and calculation of the height L2 of distance measuring equipment can also be performed 
based on height L2=L1 and costheta. 

[0064] Moreover, in the distance measuring equipment of the operation gestalt corresponding to 
invention according to claim 3 mentioned above, although the distance of the predetermined direction 
and the perpendicular direction was measured together using two radar installations, you may 
measure the predetermined direction and the perpendicular direction individually by attaching weight 
in single laser equipment and changing the sense of equipment into it one by one. moreover, claim 4- 
mentioned above — although predetermined angle thetaa is fixed and measured with the distance 
measuring equipment of the operation gestalt corresponding to invention of a publication to 6 and 9, it 
is not limited to it 

[0065] For example, you may have an angle detection means to detect angle thetaa which the angle 
adjustable mechanism which carries out adjustable [ of the 1st direction or the direction of the 2nd ], 
and the 1st direction and 2nd direction make. By such composition, since an operating personnel can 
set up the 1st direction or the direction of the 2nd free, desired horizontal distance and the distance 
for two points of a request can be more quickly measured irrespective of the installation position and 
the installation direction of equipment. 

[0066] moreover, claim 4- mentioned above — with the distance measuring equipment of the 
operation gestalt corresponding to invention of a publication, you may use invention according to 
claim 7 or 8 for 6 and 9 instead of invention according to claim 9 When invention according to claim 7 
is used, a transmitting means consists of one laser diode and a one-way mirror arranged aslant ahead 
of a laser diode. With such composition, the pulsed light of a laser diode branches through a one-way 
mirror, and outgoing radiation is simultaneously carried out in the 1st direction and 2nd direction. And 
the pulsed light by which outgoing radiation was carried out returns from the exterior almost 
simultaneous towards the 1st direction and 2nd direction. 

[0067] Then, you may carry out outgoing radiation of the pulsed light by turns towards the 1st 
direction and 2nd direction by forming a shutter (beam selector) in the outgoing radiation mouth of 
the branched pulsed light, respectively, and opening and closing these shutters by turns. Or two 
electric eyes may be used for instead of [ which does not use a shutter ], and the pulsed light which 
returns from the 1st direction and the 2nd direction may be received individually. 
[0068] Moreover, when invention according to claim 8 is used, a transmitting means equips with and 
constitutes the mirror mechanical component which drives a mirror one by one at one laser diode, the 
mirror arranged free [ rotation ] in the position where the pulsed light generated from a laser diod is 
irradiated, and the angle which reflects pulsed light in the 1st direction and 2nd direction. 
[0069] . 

[Effect of the Invention] In invention according to claim 1, the angle which distance, and the 
predetermined direction and the perpendicular direction of [ to the reflective spot located in the 
predetermined direction ] make can be measured holding distance measuring equipment in arbitrary 
height, and horizontal distance can be computed immediately. 

[0070] Although the troublesome work of an operating personnel having bent the waist and arranging 
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distance measuring equipm nt on a base was done when distance measuring equipment was 
conventionally arranged and measur d on a base, in invention according to claim 1. the troublesome 
work can be excluded entirely and it can measure with a comfortable posture. Moreover, although the 
part which arranges distance measuring equipment needed to be even and needed to be stable, it can 
measure in invention according to claim 1. without being influenced of a direct base, since it 
measures holding distance measuring equipment in arbitrary height. 

[0071] Furthermore, by invention according to claim 1, although it was not able to measure when the 
obstruction which bars a laser beam was between the reflectors and distance measuring equipment 
which are located on a base, since it measures holding distance measuring equipment in arbitrary 
height, unless a laser beam is barred, it can measure easily also in a rolling place. 
[0072] Moreover, when measuring holding distance measuring equipment in arbitrary height 
conventionally, the operating personnel was doing the troublesome work of arranging the reflector 
located in the predetermined direction in the same height as distance measuring equipment However, 
in invention according to claim 1, since horizontal distance is measured indirectly, this troublesome 
work can be excluded entirely and an operating personnel can be measured simple. 
[0073] In invention according to claim 2, the laser beam which is a measurement wave branches in 
the predetermined direction and the perpendicular direction, and is irradiated by the point located in 
the predetermined direction and the perpendicular direction. Since the irradiation spot of this laser 
beam points to the reference point of measurement, by it, an operating personnel can be measured 
exactly and quickly by knowing easily the reference point of the measurement located in the 
perpendicular direction at the time of measurement 

[0074] In invention according to claim 3, the distance to the 1st reflective spot located in the 
predetermined direction and the height from the 2nd reflective spot located in the perpendicular 
direction to equipment can be measured holding distance measuring equipment in arbitrary height and 
horizontal distance can be computed immediately. In invention according to claim 4, the distance to 
the 1st reflective spot located in the 1st direction and the distance to the 2nd reflective spot located 
in the 2nd direction of a predetermined angle remote from the 1st direction can be measured holding 
distance measuring equipment in arbitrary height, and the distance from the 1st reflective spot to the 
2nd reflective spot can be computed immediately. 

[0075] In invention according to claim 5, the distance to the 1st reflective spot located in the 1st 
direction and the distance to the 2nd reflective spot located in the 2nd direction of a predetermined 
angle remote from the 1st direction can be measured holding distance measuring equipment in 
arbitrary height and horizontal distance can be computed immediately. In invention according to claim 
6, the distance to the 1st reflective spot located in the 1st direction and the distance to the 2nd 
reflective spot located in the 2nd direction of a predetermined angle remote from the 1st direction 
are measured holding in the height which wants to measure distance measuring equipment and the 
height of distance measuring equipment is computed immediately. For this reason, even if an 
obstruction exists between distance measuring equipment and the point directly under equipment, the 
height of distance measuring equipment can be measured correctly. 

[0076] By invention according to claim 7, outgoing radiation of the laser beam is carried out in the 1st 
direction and 2nd direction because a one-way mirror branches a laser beam. Therefore, a 
transmitting means can be constituted from the one light source, and can simplify structure. 
Moreover, since outgoing radiation of the laser beam is simultaneously carried out to a 2-way, it can 
measure quickly. In invention according to claim 8, since outgoing radiation of the laser beam is 
carried out in the 1st direction and 2nd direction one by one, a transmitting means can be constituted 
from the one light source, and can simplify structure. 

[0077] In invention according to claim 9, since a measurement wave is transmitted in the 1st 
direction and 2nd direction using the 1st transmitting means and the 2nd transmitting means, if it is a 
measurement wave with the property reflected [ light / an acoustic wave, an electromagnetic wave, ], 
it can transmit to a 2-way certainly. Moreover, since a measurement wave is simultaneously 
transmitted to a 2-way, it can measure quickly. Thus, in the distance measuring equipment which 
applied this invention, as compared with the former, that it is simpler and quickly, it is more efficient 
and the distance for two points can be measured. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the principle block diagram of invention according to claim 1. 
[D rawing 2] It is the principle block diagram of invention according to claim 2. 
[Drawing 3] It is the principle block diagram of invention according to claim 4 to 6. 
[Drawing 4] It is drawing explaining invention according to claim 1 to 3. 
[Drawing 5] It is drawing explaining invention according to claim 4 to 6. 

[Drawing 6] It is the block diagram of the operation gestalt corresponding to invention given in claims 
1 and 2. 

[Drawing 7] It is the flow chart showing operation of the operation gestalt corresponding to invention 
given in claims 1 and 2. 

[Drawing 8] It is drawing explaining the operation gestalt corresponding to invention according to 
claim 3. 

[Drawing 9] claim 4- it is the block diagram of the operation gestalt corresponding to invention given 
in 6 and 9 

[Drawing 10] claim 4- it is the flow chart showing operation of the operation gestalt corresponding to 
invention given in 6 and 9 

[Drawing 11] It is drawing showing the conventional range measurement. 
[Description of Notations] 

1 Transmitting Means 

2 Receiving Means 

3 Range-Measurement Means 

4 Angle Detection Means 

5 Distance Calculation Means 

6 One-way Mirror Mechanical Component 

7 36 One-way mirror 

31 Main Part 

32 Switch 

33 47 Microprocessor 

34, 34a, 34b Pulse driver circuit 

35, 35a, 35b Laser diode 

37 Inclination Sensor 

38 Mirror Control Section 

39 Motor 

40 Electric Eye 

41 Amplifying Circuit 

42 Comparator 

43 Display 

44 1st Radar Installation 

45 2nd Radar Installation 

46 Weight 

51 Distance Measuring Equipment 
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52 Reflector 
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[Drawing 1] 
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(i, m«ft^w»^a^«iHRa£SiB«r«ft-r 

[0 0 0 8] B*JS 2 \ztmc»3£Wte. »*is l co g 

«rtt*^»5W"S^id^t5EIBaAEftfi«:li 
»r«r:i*riWi-r-6o «5R:3l3lcK*ci!>38Mrt:, ffi 

• «rtt*t«KE+*wl:i75"CftSE«asEKfi*r*«1-* 

oiiia&iSH<n2 jaiw^aBi*Bisfl9^afii-sKKa 

[0 0 0 9] »*Jg5JC]!S«c0jgWfj: x fflffid*o5fi5Stc 

*wjB*B*»«ra3er*«tat*fifei8«-*-« - 

a^BSrftflt-t-SwtSreWiri-a. 
[0 0 10] 

r±, a***rBr*jb-iRiij:aimi-aa«#ai Bf*jbf 

fi^bJB«a>MS*»Bt" «a«*S2 WXe*^ImI^ 
6K«afitt©«iBBa6tc:*^^-c, WS^fifcttB-J- 

sa^«)isat**-coBB*a*r5Biias#a 3 

[001ll@2ft «A92HK«0»W©JR«^n 
y^f^j-e^S 0 »*^2lcE«<D?8Wtt. »*«X^E 
•©IHBBSKfiUisv^r, mfe&xhZ 

»B*|6j«r*WcLT^-7§7-7«rft*e/2 
50 teHBiL, B**-e*>*u— ^JfctrBfft^lRltlftH^lfi] 



5 

So 

[0 0 12] ft^"3i-ia«(D5g^«t, 8fl3fettS:jSfe^ 

*^*fRj€r. tQUJjftizfoiiztom^gkks mttm* 
bmzwfe&k$big:%fafrbmzwfefck*%n?ti£ 

i?©ia«"e*>*»«©i«4 l 2 *«/E-T5i©BlM^S 

§L2 *Mfc95&*. 
*¥«B«L3= (L 1 2 -L2 2 ) 

[0 0 1310311 H*I4^6fclEa©»W©JK3i 
» i ^iriMj k l <ol7\»ifr bWitEfiSE 8 a BtixfcB 

2o*ifii{cis«i-ais«^ai »5i©*iRi^fess 

«2<nJbrm*^*«M*ftfcSr*tL^n*fl! 

■*-55fc»^a2*, «i^*^fejs5aik*^>e«is 
swtemMmcm^x^ m2<n-timzva*t* r«2 

©S#AJ ^T'OSC^L 5 fc trafii-SHMa^fta 

SggtL6= (L4 2 + L5 2 -2 • L4 • L5 • cos 0 

a) I' 2 

JBl ©*iRioa)6a«>Sl ©EJt**»bSB 
2 ^fl^afe'S^fS 2 ^Sft/Si-C^JtelBL 6 

[0014] ft** 5 ^Sa«©*fH tt, aS8£&SS 1 © 

t, »2co*iRi^e ) s5a^»^s:«tix^nsf3:rsa 
m T©2^. «iw*ra^6Rsa*a«>eiKBflifcS 

]®siL4«ra^-L. *»oS2©arifii}5»6asaft*©e 
Mi^s^v^t, *2<7)*fsjiiffiia-r5 tm2<T>KM 

jfcj *T?OlSiL5i:Sraffii-5IWa5E^«3^, Br 
Sft*8 a £EI*L4 i:E*L5 iSrffll^T, 
*WH*L 7=| L4 — L5 • cos 0 a | • L4/ (L 
4 2 + L5 2 -2-L4-L5-cos0a) 1 ' 2 

jcx^-c. »ito*ifi]©afeft^*i«)bat^*btt 
[0015] mm 6 K:satt<D3£iBtt, afttt** i <o 



(4) i|fflf-9-1 1 3 2 6 6 

a&ref-a i mitoXfafrhmzmm'ifiSi 

k. »2c?*[^^P>RSae*4:«r J tn^fifi-t-«g 
«#a2£. 3Bl©^lPl*>bS«a^»<0{5*3Iji£(c* 

EHtL4£aj£u ^»2o*»6R5as«oe 

jftj *WJIMIL5i:*a)M-«llHBB*-f«3^, tfr 

10 H$.L8=L4 • L5 -sinfl a/ (L4 2 + L5 2 -2 
• L 4 • L 5 • cos 0 a ) 1/2 

[0 0 16] »*«7{:S*^tts 8*#«4fc^L 

»*g 6 OT^-rn^ i is»3E«tioB(iasssii^*5v^ 
r s ^^«fja^^fc*^-if3t^iBitsixaffis 

tc, a*»T*5U— lF**r*l^A'mi*2^Jjr'mi: 

20 6 <7>^-F*i3^ 1 3S;cffi«fc^RKa^iaici3V^T. sub 

1 ^A"rt^lB2a)Jb'rtfciwJ5a*S*5*ff^ 
«I^«57-ttliSi:«litIj8t5o 
[0 0 17] W*^"9lC?E*C!)5gWtl »#*4ft^L 

b*3K6 wi>-fn*> 1 a^fc«a>raiassiii{r*5vv 
«^«*. a3easr*2o*[RiiciSfflrr5*2©i3i«* 

a**rB*.TflMW3. 
30 [0018] 

[ffJU] E4f±R»*^[l-3^?a«co5SWSr»Wi-SS 

iea*s*w**iHiJ-affl+«. sfs^ia2tt 
*e**^6H*ae««MS+s. E«as^a3tt 
2 ■csfsstufca*tt©6a»3i«fc*-3v^-c, 

Bf>»lftl3:ttj»+5a^wE»AA*-ewilBltL 1 & 

$j£i-* 0 ft&&&^m4\tft\i.jjmkmmm<Dmmij 

1 

40 tK^^SSL 3 = L 1 ■ sine 

fcX<5^T. 5f^*^coizit*AA»e>EBiaS*«©iS 

[0 0 19] »*«2irE*©EKa£3SH"CH 

flaft^^— 7 ^7-7^ i — if*#iiwsix*^«fc*j 
jasnn^o /w5 7-ifta6ii^-7?7 
- 7 &ftj**tij3«4 -e*a $ixfe^s e \z&*^x* 

50 'yhJCtO, a*©***JW»U5*Sft*. 
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[0020] 3 icKnomm^src^ % i 

[0021] BBffm^fttt. iSf36*ifiioWtt*A*-c 

7k¥!S*L3= (L l 2 — L 2 2 ) '' 2 
[0022]i5)t »*3S4-6^E«a)«Wtaft« 

2 w*iRit a«^« 2 i4jB i o*iij3&»fe]B? 

[0 0 2 3] EKffl^S 3 It. Sfs^S 2 -CSfi *H 

«i^)i5atjSc*-ewH«i-4fc, «2«>A*rtKffiiii- 

*» 2 ©E#M£D £-c©ffi«L 5 «h SrajEi-*. EKJP 

gg||L6= (L4 2 + L5 2 -2-L4-L5-cos0 

a) ^ 2 

\£&^X* SSI ®£W£ca>fcJg2®JZtf£D£?<a 

[0 0 2 4] «<ST«2tt»l<o*|iSi^6R5B*tt4: 
»2<0*^b5l-6a**i:S:**u^ix*<9i-a. SEfflt 

a^s3«. a«#®2-e*«*ttsasiit^G*« 

-C©E»L4£. *2©*fflicttfii-SJS2©K*WSD 

*^©«bls 

[0 0 2 5] 1Rm#m?-&51X3i&fk&e a ^{^SIL4 

7M^&8&L 7= I L4-L5 • COS0 a | ■ L4/ (L 

4 2 +L 5 2 -2 • L4 • L5 • cos 0 a ) 

KUK^T, *l©E«/*ca»e>18BiIT©itofcE*^ 

[oo26] ^*^6 ^vatt©insa£ttiB-e». ^ 

l J*ajE«£* l ©2ri"J t WSZGS. d a KixfctB 2 

as« 4: * 2 ©j> **a*tt £ 

©ttMKtWt^T, fU©*ffiWMraiSl©fc: 



(5) #l?-9-1 1 3 2 6 6 

Jt;(SC*"e©Hti-4*, ^2©*fS]irttg-r5»2© 

H5^L8 = L4-L5-sin0a/ (L4 2 + L5 2 -2 
• L 4 • L 5 • COS 0a) ^ 2 

fctf^T* SfiflitT©*AE^fe»e*-C©ilS*L8 

[0 0 2 7] 7 iciis&^&mT^-m. ^-7 5 

iO ; — 7 * 7 - tt u—tf ft fcEIUaft t ft £ L . 
u-^ft$rmi^^n ! DiB2©^fi ! i]i:irttJ^S 0 
JH8 fcffitt©5S»*«T?H:. S 7-te U—FfttflM** 

i:»2©*-|&Ji:WlB8:l-ttJ4H-5. 
[0 0 2 8] 9 !C««©iSfi?#®-ett. * 1 ©iH 

i ©liflf^-injiwMjeasrsifs u « 2 ©^ 

[0 0 2 9] 

20 [*«©**©»«] «T. HrW*«l^X**9J©3iai; 
[0 0 3 0] B6tt, rS*3I 1 . 2 Knra*056WJC»lt 

^n-7nt 3©JBl©AAOT£ttft£il.£. ^ 

K3 4Sr*LT, U— K3 5©A*iBfffc* 

[0 0 3 1 ] ir\ f #4 K 3 5 fchtoSE** 
so /<^xftiJj»»*n*ta:B^—7 5 7--3 6is»Air 
PEtt£*i3 0 ^fcs ^-7^7-3 6*aifiLX\ ^ffl 
3&^loT< S^v*fc£**t-*ttBi-*fc*4 0# 
SE^$tv N ^ft^4 0©ffi*»-^li*i|iInI!S4 1 
X, ^4 2<DAA*? : fc«jR£;h'5. 

[0 0 3 2] 2^Dm;J^^i^>r^a7 , 
n-(ryif 3 3©JS2<nA*S-f(rSj*SixSo *#3l 
left, M^^if3 7d>@S$tt> «»-fe>"^3 7©ffl 
^^ti-^>r^f7n-fe 5/^-3 3©S3©A^i 5 
7-fH»S»3 8<bJC«Sa«$n5, ^-*»«3 8(Offl 
^ ^fiSft^rt*-^ 3 9!-&ft;*iK ^e-^ 3 9 0Etttttt 
^—7^7 — 3 6©IaHE*li^ffiK$*Lft 8 

[0 0 3 3] ^-r^n^niryf-S 3©»2©aj*S^ 

«a^»4 3©A*«fr^a«s**ta« ft*s, 

14. Mfllftu-W.t-K3 5}:mL, 
^© 2 tt^ftS 4 0 L, mmi&£8L 3 tt-^-f ^ 

DT'ntyf 3 3 % = ^s><\s—9 4 2 trSJjS U 
UJf-S4tt:Sflt>t3 7i:^L, »»3BSttiT-l£5W: 
-^^^n7 P Pir^^3 3 
50 [0 0 3 4] «*Ig 2 |CCtt©«9l ^ ±X©«lt7Stt ^ 



9 

#£U ^— 7 5 9-7fi^- 7^7— 3 6 
[0 0 3 5] £TF> idtoXlfcStl^llifffrHe, 17 

SrSfflL, *-*3 9*ISH6WBlU IftiSj&rfijS:**!- 
BWH»I 9 1^—7 $7-36 Sr^a 0/2 3 
(xfy^S l) o 

[0 0 3 6]a£*^yf3 2*AWi:, f 
J^si"— K3 5^&/^^ftWfttL 
2) , t¥4ifr- K3 5 3&»&**Lfc'^**tt'^ 
-7$7-3 6T?aa*fc[»[»*i:K:4Hita*u Br36*" 

ys 3) o 

[0 0 3 7] BrSE*lRlKim«-*nfc^^*W:, *»-e 
SMUT, Brft*«l*»&K»), ***4 0-ea*S*L, 

5) . W^n:/D-fcyf-3 311^^*554*^4* 

6) . 

[0 0 3 8] v^f^n^nt^ta 3flJB5feSBItL 1 t 
*sFBBl-3 = Li - sine 

tdS^t\ *V-*B*L3*HtfflU ^H4 3Sc;w 

[0 0 3 9] «5K, imSI£ttC«rJ£iBi^GBtxa& 
i--5»S\ HK#H»«:B«>-C, £KM£3&B*KSI:: 

[0040] *fc, mfisntrKarfiflDfn. ¥ 



(6) W-9-1 1 3 2 6 6 

70 

«®agistS!iS3sis-T?ii, E»a«a»*rtt*«>* * 

#Lfc««l£i-5<rc-C\ U-1f3fc#ttff <bix3 Cirri* 
[004 i]4t tie*, BHDaWtttBWitSt 

«»L^**a^r5»*. »«#«i*s*^^tfc«t-r 

*Ki«MfrBWI*38B* W rip 
;o r<D[&W£f^l£ »S*filBHSiw 

[0042] ±3*©*is»ti©iaBasa!efi"e 

*i^^»ifi:*i^^;cffiBt-5Jfe*^Hl(lt*tus, c<tv^ 
ti5ox% si^©^ as*n, ftH^ifiii^B-ra 

[0 0 4 3] /N-y $y-3 6ri*v</U**££H£ 

1N5 3. H8tt, Mf**3&E3B^*W{^ 

^S?B4 4 4. «i<nu-^6B4 4«rPI*i*li*^L 

|EjftS«EKlEBSnfc»2WU-y3Slt4 5i:, » 
2©U-^SSB4 5iCfWltf"3*5 1 t>0 4 6 £a><b#l/&£ 

30 [0044] 3 \Z^m<om\ t , ±iEc0^ 

WU-«|4 4<&i^«£fc*fjSU !&2<7)ilf=#& 
H» 2 © 4 5 <D2^B»ftfc#JS L , AA^S 

tt*5tf)4 6JC#Jt;U S6«^*WB1©^-^*B4 
4*3it/S2(DU-y^B4 5©*«««fc»J6L, E£ 

■H£¥Aflffi l © v-y^B 4 4 *5 «t t/B 2 u-y 

iidtet4 5 ©«H3W6iw^ i, sm&m*m*% 1 u 

-y^fi4 4*3J:tF!B2©U-^B4 5©**«^^ 
40 [0 0 4 5] IS 1£7)W^I4 4 H^iTfRliC/^U^ 
2 Wlx- *1£R4 5 flfet 5 4 6 WffE-eftfcftSHrlKl 

*»6!BB*TO»SL2tr»Sra, EBSISI^BtlE 
KL l iiS$L 2 ^*t*!9jA*, 
«iL3= (Ll 2 -L22) i/« 

[0046] rcoi^i^ idea)Xlk»B©E]BH£tt 
50 B-eri, EllSBffiitEtrttBoiSS&fflWLfc**, 



77 

[0 0 4 7] £fc, raBB3£*Bf:iBB-f-**0TH:, ¥ 
iD^^'t^-C#S 0 j£ffi±(rf>:B"faisL*t 

ft v *R 9 , jB« w & 5 »fST? 1) 

[0 0 4 8] R»*S*fi*fta*>i«3fc 
fi«#L*:£ *aH5Ei-S*>, m*#H:Hf/E#lRl^fflBi- 
aS*t**E«a^»iil! irl^CKIS 5CEB1-5 t ^ 5 ffi 

an/E«it-ett. ffimftK*T-Wfczmfe^x\,-z<nx\ 

[0 0 4 9] ±3£^)|klBBB^iEIBfl/L'filft-C 
Jb- IrI £ ft K Jb-fRl £ t^^g-r 3 K BB*t * 3 . r ^ / « 

a£<&£*s «^#«, «a:*iRj^{fi[Bi-5 

[0 0 5 0] B9H »*J*4 - 6 , 9 (Cia^CO^^IC 
3 1 {CX-f 2*5E15$tb, x ^ 5^3 2 0>85.nKtt 

[0 0 5 1] 

tt/^^Bftro* 3 4b^Lt, U— T *V * 

35a. 3 5 b^6HU*S*tr % *W^got<5^ 
A.^*tfl*+6tt«lcfi3(»4 0#EB**U 

[0 0 5 2] 3y/«U-*4 2W|lJA»ftt , ?-f^n7 p 
"/pt-yf 4 7©»3©/l|A*7tt*»»4 3©AA« 



(7) 1 3 2 6 6 

K3 5 a &£Tfi\'—lF4r>r*— K3 5 b 
fc#l£U *«#a2ttft*»4 0fc#J6L. J£»J£ 
*«3tt-*-f ^nyntyf4 7*5«fctf — *4 
2l:^U E«8W?ft5liW^^p-fe?/t4 7 

[0 0 5 3] »#^9l£lE«<n3&9J£, I^Hifer^ 

70 *— K3 5afc#j£U 3B2<Di£<3#®fiU-?^>r:*- 
-K3 5 bl£#JS-ra. HI »*^4-6, 91C 

[0054] jstf, iMnmmmtnmft&m 9. mi 

if^-Y.^— K3 5 a^feSgl^r&JlifBirfT^ 
3 5 a^&ffljWStl^A'**!** @5I^Sn5«t 5 

S 2) 0 

[0055] 5Uttf*ttiitf (bib 4 i -cit *g $ *u => > 

£ (^f^S3) o '^^D^Dt->t4 7«A>7 

U *1 WE#*C4WBB!.4tr»aj'*-« (^7 ^ 

yS4) 0 »2WU— fy^.^-K3 5b^b, 

*^J:0ftj£e aidtLfe*2 0*[Ri^iRittx, 

5) 0 

30 [0 0 5 6] K3 5 b^&ttH*S*Ufc:'< 

tL, 3^/<U-^4 2f±g*«*Sra*^^ ? >^ft^ 
(J^^S 7) 0 
[0 0 5 7] --/>f ^n^n-feylM 7tt/^^*»di^ 

-e>T^n^niry^4 7 fi^S 6 a i: L 4 £ jEK L 

Eg|L6= (I.4 2 + L5 2 -2 • L4 • L5 -cosO 
a) 1/2 

fw£-5V^ *l©R*T/iC^e>JB2(?3RWAD*-e© 
BK-e*fi0f«o 2 jftiaoBlL 6 L , 

TK^F^L 7 = I L4-L5 • cos 0 a | - L4/ (L 
4 2 + L5 2 -2 • L4 • L5 - cos 0 a) 1 ' 2 

«)7K3FBBL7*lSfflU 

f^$L8 = L4-L5-sin0a/ / (L4 2 + L5 2 ~2 
50 • L 4 • L 5 • cos 0 a ) 1/2 
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[0 0 5 8] ^LT. 3t^SM 3l±r*Lb£>Ef!i£:^ 

A icffifif 3B2 tf> SWjSD 4 £ «:S8* L X > 

[0 0 5 9] BIHBSKa«rJKi[HE«Lrtlffi 

[0 0 6 0] *fc, E*Me«E*tt*0K3fc 

[0 0 6 1 ] ±a©Jt«»1li!loBWII*iS«"e 

Jll©*lftl:JII2©*rti^fi3«r5S»AC, DfcJS 
M£ix<So £0'W^*©jRit:*#5' McJzOs a^> 

[0 0 6 2] fc3b\ ±*Lfc3o©.*liS?B«"Ctt/^^ 



(8) MT9-1 1 3 2 6 6 

14 

[0 0 6 3] ^fc, k3£LMt**l, 2fcE«^«W 

Kit^4"C^E«L l fc0r**lHltftlt*lKli:3ft s fe-f* 
S^L2 = L1 ■ cos 0 

kx^-c, teK»j^«^x$L2^»ajt>-e#So 

[0 0 6 4] ±5*Ufcff^|[3irfa*^^E^ 

BiJlcaSLTtJ:i\ £fc, l-.aLfcM**4-6, 9 

[0 0 6 5] 08*. tf, *"l<O#|pjfcSWi*2C0#|pj£ 
pT£f *fc£pT«««£» 9Bl©J6rfSltK2a>*rtii:^ 

v\ roi5ftfllrt^J:0, a£#tt»i©*l*J*>SV* 
tt*2o*rsiSrfi?ESciK^i-«^t^-e#s©*t?, 

[0 0 6 6] ±3SLfcM**4-6. 9Kfl£*<0 

icD^i^^m2cD^i^i:ii^0. , jnittilt$n^o ^tr, 
mi ^jb*^^S2(Dj!7 ; fR3i:ic^{tr, Mitsnfc^^^ 

[0067] ^^r% ^«$nfc^^*©ffli+n^ 

v\ 4/cft. ->-Yy^*«fflL4v^ft^f!){^ 2oco^: 
[0 0 6 8]Sfc, «*f8Kt«©»W*rttflLfc» 

50 [0 0 6 9] 
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[0 0 7 0] 8fllB£«B**BKeBLTa* 
aj£#ti:l»£JB*-c\ E£a£SiB*JKfi£ 

«fi £ iasr S fbtS^L-Cl^M^ifco 

4*t5rfc4<, BJfc1-*wi#"C#a. 
[0 0 7 1] $ bi:, jSiB±K:ttBi - 5^*tWiai 

«»0r-et^ft testers r £ a*-c# s Q 
[0 0 7 2] ffi*. B*a**B*ttfitf>rtSfc 
«#Lfc**»3ET*»<i\ asE*H3fAE*|Bj^ittB-t- 
*K#*&Eiia«*B t R $ legSiEf S 1 ^ o S 

[0073] m^2\z.ftm<r>&wx*n, aiHft-cfcs 

t»iSJ!7lRlfct£fflB1"a*A^BBlt*Ha. !f 

o-e, a^it, as#«\ ftii:#ffitwfirBi-5a£ 

[0 0 7 4] fflfcfcJg 3 fcia*©|gwett, ICttMfittB 
S:ffit©it$}^Lt*4s Sf^lRHrttBfSJBl 

Ad^&afiBiWKStSrafiLT, 7k¥fiSK«rfiP«e 

«asfeS6B*fi*OiBSl-fiWLfcS*, *ltf>*lKl«e 

£3 aKtLfe» 2 n ir fv:gi- a s 2 ©wtt A * -co 
KMI i: *rB£ LT>" 3$ 1 <n£#t£^ fc* 2 (DRW^l* X 

ozm&wmzwft-tz z t s 0 

[0 0 7 5] »3|tJS5|£e«<3!>36Weft, E«aisjsfi 

i©RJM/i*-eoigBli:, 

2 co^ifii {efv:tt-r * K 2 ©isatjft* -ecoKB fcB 

3S6tzE«©*wett, gssia/E3SB*a/Eufc^i«s 



(9) WBV9-1 1 3 2 6 6 

16 

lzffi|t+«f52«JKWjfi*'e«)iBii:*a)feL'C, 

aftSB©«s*HP*fcwai-s. ~ uaitaE 

8B^*BKT^*jR^©W^P6*«^ : «EU-Ct,. IE 
ft£EBH£ffiftaffi S ^rSSJ^r S z * #-e* S 0 
[0 0 7 6 ] B#i«7telE*©WH"T?f±, ^—7 5 9- 

<m?mmzmtt~z e £ a*-e* s» stages k»r*>* 

Bttt, if**rJBl0*iftfcJII2 0*iRiiKHI»Hi 

*tt-*«-e* mm^^^^jtuxm^or^zt^x 
[0077] it*j-i9 ie=a*o5i^-ett> * i ©36»^ 

ari^-eta. ra#ica3ta*r2Ai6»caswi- 

20 5WCitt3i^a5fei" ; 5-i:#'C*5- ecoj: ^|;, ^ 
W*rMfflLfcraiaAE«fi-CW:. ^t^tr, «t ID 

max\ fflatc, j:^a^J:<. 2Aiai©rai*raffii- 

[B i 1 i ic^£«ro^^^JfiiSy o y ^ Ht?*> 

So 

[isi2] »3»K2^ii«w*ww]Bias^oy^isd-c«> 

So 

[H3] |»3W(4-6 y ^Bt 
50 fcS 0 

[B4] j»*33Sil-3»cE««)!5W*^i-£®-e*> 

S a 

[1815.] 19*B4-6«eiafc«)*W«rKWi-*lsd-e*> 

So 

[B6]ff*5i, 2fcK«fl!>*rofc#*Si-£llllt*« 
<jo«jaw-e* So 

[B7iii**i, 2\zwM^mK^t^^%mm 
^0 pji-s{a-e^s a 

[HI 0] »*i*4-6, s^BKoRW^Wtfi-** 
[ISI11] ^*w]feBffl^Sr^-rHTfcSo 

[#^^^3J] 

1 mG^m 
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